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(54) PROCESS FOR TREATING SURFACE OF SUBSTRATE 

(57)Abstract: 

PURPOSE: To provide a process for treating the surface of a 
substrate whereby a long-lasting excellent hydrophilicity is 
imparted to the surface. 

CONSTITUTION: This process comprises the first step wherein a 
monomer is attached to the surface of a substrate 7 and the 
second step wherein a layer of a monomer having a polar oxygen 
and/or nitrogen group is formed on the substrate 7 by placing the 
substrate 7 between metal electrodes 4 and 5 which are faced 
toward each other and of which at least one has a solid dielectic 
6 installed on the electrode surface facing to the other electrode 
in an atmosphere of a gas mixture comprising an oxygen-contg. 
gas and an inert gas or comprising nitrogen, hydrogen, and an 
inert gas and bringing the surface of the substrate 7 into contact 
with a discharge plasma generated by applying voltage between 
the electrodes 4 and 5 under about the atmospheric pressure. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st process to which a monomer is made to adhere on the surface of a base material, and 
after arranging this base material between the metal electrodes which made one [ at least ] opposed 
face equip with a solid dielectric and which face, This base material is placed into the ambient 
atmosphere of the mixed gas (b) of the gas which consists of the mixed gas (a) or nitrogen, and 
hydrogen of oxygen content gas and inert gas, and inert gas. Under the pressure near the atmospheric 
pressure The surface treatment approach of the base material characterized by consisting of the 2nd 
process which forms the layer which has the polar group which the discharge plasma which impressed 
the electrical potential difference and this base material front face was made to generate between metal 
electrodes is contacted, and contains oxygen or/and nitrogen in the above-mentioned monomer. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the surface treatment approach of a base material. 
[0002] 

[Description of the Prior Art] Conventionally, many approaches of carrying out hydrophilization of the 
front face of a plastics base material are proposed. For example, by this approach, although the 
approach of applying the constituent containing a surfactant to a base material front face was 
mentioned, since a surfactant flowed out and it became impossible to maintain a hydrophilic property 
when water is contacted, the room of an improvement was in endurance. Moreover, although the 
approach of carrying out corona discharge treatment under atmospheric pressure, and oxidizing a front 
face was put in practical use widely, since the oxidation layer thickness by which surface treatment was 
carried out was very thin, durable hydrophilic ability was not obtained. 

[0003] Then, in order to raise the endurance of hydrophilic ability, after activating a base material front 
face by the glow discharge plasma by the pressure with low 0.01 - 10Torr extent, the approach of 
carrying out the graft polymerization of the monomer in monomer solutions, such as acrylamide, is 
proposed by the raft [Macromolecules, 19, and 1804] (1986). Moreover, the example which a 
polymerization reaction will occur and a polymer will generate if solid-state monomers, such as an 
acrylic-acid potassium opened on the aluminum plate, are exposed to the glow discharge plasma is 
reported by Tatsumi etc. [macromolecule macromolecule collected works and 49,133 (1992)]. 
[0004] However, by the above-mentioned approach, in order to generate the glow discharge plasma by 
the low pressure, the container needed the expensive vacuum chamber and needed to install evacuation 
equipment. Furthermore, in order to process in a vacuum, when it was going to process the substrate of 
a large area, the vacuum housing had to be enlarged, and since the high power thing was required also 
for evacuation equipment, there was a trouble that the facility itself will become very expensive. When 
surface treatment of a plastic plate with high water absorption was moreover performed, vacuum 
suction took long duration and there was also a trouble that a processing article became cost high. 
[0005] 

[Problem(s) to be Solved by the Invention] It is made in order that this invention may solve the above- 
mentioned fault, and the object is about the hydrophilic ability to offer the surface treatment approach 
of a maintainable base material over a long period of time while giving the hydrophilic ability which was 
excellent by forming a hydrophilic coat under the pressure near the atmospheric pressure on a base 
material front face. 
[0006] 

[Means for Solving the Problem] The 1st process to which the surface treatment approach of the base 
material of this invention makes a monomer adhere on the surface of a base material, After arranging 
this base material between the metal electrodes which face, it places into the ambient atmosphere of 
the mixed gas (b) of the gas which consists of the mixed gas (a) or nitrogen, and hydrogen of oxygen 
content gas and inert gas, and inert gas. Under the pressure near the atmospheric pressure The 
discharge plasma which impressed the electrical potential difference and was generated between metal 



electrodes on this base material front face is contacted, and it consists of the 2nd process which forms 
the layer which contains oxygen or/and nitrogen in the above-mentioned monomer. 
[0007] As the above-mentioned base material, a resin film or plates, such as polyethylene, acrylic resin, 
a polycarbonate, and polyethylene terephthalate, etc. are mentioned, for example. Pretreatment of a 
chemical treatment, corona discharge treatment, low voltage glow discharge processing, etc. may be 
performed to these base materials by the well-known approach if needed. 

[0008] A monomer is made to adhere on the surface of a base material at the 1st process of this 
invention. If it has in intramolecular the part which may generate a radical by plasma exposure as the 
above-mentioned monomer, the monomer which especially a limit does not have, for example, contains 
[ one or more ] unsaturated bonds, such as double association and 3-fold association, peroxidation 
association, azo association, etc. will be used suitably. What doubles and has a radical generating part 
and a hydrophilic radical in intramolecular especially is desirable. 

[0009] As the above-mentioned hydrophilic radical, a hydroxyl group, a sulfonic-acid (salt) radical, the 
1st class, the 2nd class, the 3rd class amino group or an amide group, a quarternary-ammonium-salt 
radical, a carboxylic-acid (salt) radical, a polyethylene-glycol chain, etc. are mentioned, for example. 
[0010] As such a monomer, an acrylic acid (meta), acrylamide (meta), acrylic-acid (meta) sodium, an 
acrylic-acid potassium, a methyl acrylate (meta), an ethyl acrylate (meta), acrylonitrile (meta), vinyl 
acetate, styrene, styrene sulfonic-acid sodium, POCHIECHIRENGURIKORUJI (meta) acrylic ester, 2- 
hydroxyethyl methacrylate, 2-hydroxymethyl methacrylate, etc. are mentioned, and even if these are 
used independently, two or more sorts may be used together, for example. 

[0011] When using the monomer which doubles and has especially an unsaturated bond and a hydrophilic 
radical in the above-mentioned monomer, since a thick hydrophilic layer is formed of a polymerization 
reaction, it is desirable. Moreover, since a polar group is introduced by plasma treatment even when 
using a monomer without a hydrophilic radical, a hydrophilic layer can be formed in a base material front 
face. 

[0012] The above-mentioned monomer may be used as it is, and may be melted and used for a solvent. 
Although an organic solvent with the high solubility of a monomer can be used as a solvent, the boiling 
point is low and organic solvents, such as an easy methanol of desiccation, ethanol, and an acetone, are 
desirable. It is desirable to use water, when a base material front face receives breakage remarkably 
with these solvents. 

[0013] How to apply a base material to a base material front face with the immersed approach; brush 
into liquid, when there is especially no limit, for example, it uses a liquid monomer or a monomer solution 
as an approach of making the above-mentioned monomer adhering to a base material; the approach of 
spraying by a spray etc. is mentioned. When making a monomer adhere to a base material front face 
using a monomer solution or a liquid monomer, the solvent adhering to a base material may be dried by 
the well-known approach if needed. Moreover, when using the powder of a solid-state monomer, you 
may sprinkle on a base material front face using a screen etc. 

[0014] At the 2nd process of this invention, the base material to which the monomer was made to 
adhere at the 1st process as gas for processing It places into the ambient atmosphere of mixed gas (b) 
with the gas which consists of mixed gas (a) or inert gas and nitrogen, and hydrogen with inert gas and 
oxygen content gas. Under the pressure near the atmospheric pressure The discharge plasma which 
impressed the electrical potential difference between metal electrodes, and this base material front face 
was made to generate is contacted, and the layer which has a polar group containing oxygen or/and 
nitrogen is formed. This layer introduces oxygen or/and nitrogen into a monomer, and is formed by 
carrying out a polymerization on a base material front face. 

[0015] At the 2nd process of this invention, mixed gas (b) with the gas which consists of mixed gas (a) 
or inert gas and nitrogen, and hydrogen with inert gas and oxygen content gas is used as gas for 
processing. 

[0016] As the above-mentioned inert gas, rare gas, nitrogen gas, etc., such as helium, neon, an argon, 
and a xenon, are mentioned, and even if these are used independently, two or more sorts may be used 



together, for example. As inert gas, especially gaseous helium has the long life of a metastable state, and 
convenience is well desirable to excitation of the gas for processing. As the above-mentioned inert gas, 
when using things other than helium, it is desirable to mix and use hydrocarbon gas, such as organic 
substance steams, such as an acetone below 2 volume % and a methanol, and methane, ethane. 
[0017] As the above-mentioned oxygen content gas, oxygen, ozone, a steam, a carbon monoxide, a 
carbon dioxide, a nitrogen monoxide, a nitrogen dioxide, etc. are mentioned, and even if these are used 
independently, two or more sorts may be used together. 

[0018] There is an inclination for hydrophilization to be promoted more in the above-mentioned oxygen 
content gas, by adding fluorine content gas by 50% or less of volume ratio. 

[0019] As the above-mentioned fluorine content gas, fluoride sulfur compounds, such as halogenated 
hydrocarbon gas; 6 sulfur fluorides (SF6), such as hydrocarbon fluoride gas; 1 chlorination 3 fluoride 
[ carbon ] gas (CCIF3), such as 6 6 fluoride [ carbon tetrafluoride (CF4) and carbon ] (C two F6), 
propylene, etc. fluoride (C three F6), etc. are mentioned, for example. Especially, in these fluorine 
content gas, since safety does not generate harmful high gas, such as hydrogen fluoride, 6 6 fluoride 
[ carbon tetrafluoride and carbon ] and propylene fluoride is desirable. 

[0020] As gas which consists of the above-mentioned nitrogen and hydrogen, it is NH3. The others and 
N2 which are gas etc. Gas or NH3 The mixed gas of gas and hydrogen is mentioned. Above N2 Gas or 
NH3 When using the mixed gas of gas and hydrogen, although the presentation is suitably determined by 
the class and the below-mentioned plasma treatment conditions of the base material processed, in 
order to acquire sufficient hydrophilic property, it is desirable that the value of N/(N+H) is 1/4 or more, 
and the range of it is 1/1 more preferably. [ 2-1 ] However, in the gas which consists of nitrogen and 
hydrogen, N expresses a nitrogen atom and H expresses the number of hydrogen atoms here, 
respectively. 

[0021] In the above-mentioned mixed gas (a) or (b), since it will be hard coming to generate the 
discharge plasma even if it impresses an electrical potential difference if the concentration of oxygen 
content gas or the gas which consists of nitrogen and hydrogen becomes high, below 10 volume % is 
desirable and it is 0.1 - 5 volume % more preferably. 

[0022] The pressure near the atmospheric pressure of the above-mentioned mixed gas is a pressure of 
100 - 800Torr, pressure regulation is easy and 700 - 780Torr to which the equipment used for discharge 
plasma treatment becomes simple is actually desirable. Moreover, in case the discharge plasma is 
contacted on a base material front face and it is activated, it may be cooled even if heated and the base 
material may be maintained at the room temperature. 

[0023] The time amount which the above-mentioned discharge plasma treatment takes is suitably 
determined by the magnitude of applied voltage, and the class of the gas used and monomer. 
[0024] When a monomer causes a polymerization reaction on a base material or a monomer carries out 
a graft reaction with a base material by the above-mentioned discharge plasma treatment, a surface 
treatment layer is formed. This surface treatment layer has thick thickness compared with a corona 
treatment layer, and when a base material and a monomer react, it is firmly stuck with a base material. 
Furthermore, when the polar group containing oxygen or/and nitrogen is generated by discharge plasma 
treatment, a hydrophilic layer is formed and the hydrophilic ability excellent in endurance is obtained. 
[0025] When an unreacted monomer remains in a base material front face by the above-mentioned 
discharge plasma treatment or a low-molecular-weight homopolymer etc. generates, it can remove by 
washing by water, an organic solvent, etc. if needed. 

[0026] The surface treatment approach of this invention is explained to a detail, referring to a drawing. 
Drawing 1 shows the equipment used for the 1st process, and this equipment consists of the power 
supply section 1, a processing container 2, an up electrode 4, and a lower electrode 5. When the 
electrical potential difference of the frequency of a kHz base can be impressed and it processes a heat- 
resistant low base material, the low frequency of 5-30kHz of a power supply section 1 is desirable. 
[0027] Although generating of the above-mentioned discharge plasma is generated by impressing an 
electrical potential difference to an electrode, since it shows the behavior which shifts to arc discharge 



when it will require time amount for processing too much if field strength becomes weak, and it becomes 
strong, its 1-40 kV/cm extent is desirable. The surface treatment section (discharge plasma 
generating section) 3 by the above-mentioned discharge plasma is the space between the electrodes 4 
and 5 which counter. 

[0028] Although the thing made from heat-resisting glass is used, the above-mentioned processing 
containers 2 may be metal, such as stainless steel, aluminum, copper, and aluminum, as long as the 
insulation with an electrode is maintained. In this processing container 2, the up electrode 4 and the 
lower electrode 5 of a parallel plate mold of the couple which faces are arranged. As electrode structure, 
you may be telescopic [ other than a parallel plate mold / the cylinder pair Kohei stencil, the ball 
opposite plate mold, the hyperboloid pair Kohei stencil, or the coaxial-circles telescopic ], and may 
consist of two or more thin lines and plates. Stainless steel, brass, aluminum, copper, etc. are mentioned 
as construction material of the up electrode 4 and the lower electrode 5. 

[0029] The solid dielectric 6 is arranged at the side which faces the up electrode 4 of the above- 
mentioned lower electrode 5 so that the whole electrode may be covered. If there is a part which is not 
covered with a solid dielectric 6 at some electrodes, since arc discharge will be generated by there, it is 
not desirable. Moreover, as shown in drawing 1 , the above-mentioned solid dielectric 6 does not 
necessarily need to be arranged at the lower electrode 5, may be arranged at the up electrode 4, and it 
may be arranged at both the up electrode 4 and the lower electrode 5. 

[0030] as the above-mentioned solid dielectric 6 — plastics;SiO(s)2, such as polytetrafluoroethylene 
(PTFE) and polyethylene terephthalate (PET), and aluminum2 — 03, Zr02, and Ti02 etc. — metallic- 
oxide simple substances and these compounds may be mentioned, and the configuration may be any of 
the shape of the shape of a sheet, and a film. 

[0031] Since the thickness of the above-mentioned solid dielectric 6 will take high tension to generate 
the discharge plasma if dielectric breakdown will happen at the time of electrical-potential-difference 
impression if it becomes thin, and it becomes easy to generate arc discharge and it becomes thick, its 
0.05-4mm is desirable. 

[0032] Since the homogeneity of the discharge plasma will be spoiled if intact gas will increase and it will 
become inefficient, if it becomes short, and it becomes long although the thickness of a solid dielectric 6, 
the thickness of a base material 7, the magnitude of applied voltage, a quantity of gas flow, etc. are 
determined suitably, the distance between the up electrode 4 and the lower electrode 5 has 1-30 
desirablemm. 

[0033] Although only the one side (drawing top face) is processed by plasma discharge since it is 
arranged on the solid dielectric 6 in drawing 1 , the above-mentioned base material 7 should just contact 
the discharge plasma in the condition of having floated on the surface treatment section 3 between the 
up electrode 4 and the lower electrode 5, when it needs plasma electrodischarge treatment for both 
sides of a base material 7. 

[0034] At the time of the above-mentioned discharge plasma treatment, the up electrode 4 of porous 
structure to inert gas is supplied for oxygen content gas or the gas which consists of nitrogen and 
hydrogen to the surface treatment section 3 from the gas installation tubing 9 through the gas 
installation tubing 8, respectively. In addition, when the up electrode 4 is porous structure, since oxygen 
content gas or the gas which consists of nitrogen and hydrogen can be supplied to homogeneity and the 
uniform discharge plasma can be contacted, it is desirable, but it does not necessarily need to are not 
porous structure to supply, stir mixed gas in the surface treatment section 3, or to spray mixed gas on a 
base material 7 at high speed etc., if the possible approach of homogeneity installation is adopted. 
[0035] As for the above-mentioned mixed gas, the flow rate is controlled by the massflow controller (not 
shown), and superfluous gas is discharged from an exhaust port 10. In addition, in case fluorine content 
gas and inert gas are introduced in the processing container 2, it is desirable to discharge the air which 
remains in this container 2 from an exhaust port 11. 
[0036] 

[Example] Hereafter, this invention is explained based on an example. 



(Example 1) 

After impressing and carrying out corona discharge treatment of the electrical potential difference of 
30kV for 15 seconds with the corona discharge processor (the Kasuga Electric Works, Ltd. make, format 
"HFSS-103") of marketing of the polyethylene film ("ll-F", 91 contact angles) base material of <1st 
process> 100mm**x50-micrometer thickness, 10% of the weight of the acrylamide water solution was 
sprayed on this, and it was made to leave and dry at a room temperature. [ by the **** package 
company ] 

In the equipment (metal-electrode 80mmphi) shown in <2nd process> drawing 1 , the distance of the up 
electrode 4 and the lower electrode 5 which face was set as 5mm, and on 1mm in thickness, and the 
lower electrode 5 equipped with the polytetrafluoroethylene of 120mm**, the base material 7 processed 
at the 1st process has been arranged, and it exhausted with the oil sealed rotary pump to 1Torr. 
Subsequently, the gas installation tubing 8 to helium gas was introduced in the container 2 from the gas 
installation tubing 9 by flow rate 990sccm by flow rate 10sccm, respectively, and oxygen gas was made 
into the atmospheric pressure of 762Torr. Then, the electrical potential difference of 15kHz and 3.9kV 
was impressed to the electrode, it was left for 20 seconds, and the hydrophilic layer was formed in the 
base material front face. In addition, luminescence of the discharge plasma was observed with electrical- 
potential-difference impression. The obtained plasma treatment article was washed with water. 
[0037] (Example 2) 

The methyl methacrylate was applied on the same corona-discharge-treatment polyethylene film base 
material as the <1st process> example 1. 

In the equipment (metal-electrode 80mmphi) shown in <2nd process> drawing 1 , the distance of the up 
electrode 4 and the lower electrode 5 which face was set as 5mm, and on 1mm in thickness, and the 
lower electrode 5 equipped with the polytetrafluoroethylene of 120mm**, the base material 7 processed 
at the 1st process has been arranged, and it exhausted with the oil sealed rotary pump to 1Torr. 
Subsequently, the gas installation tubing 8 to helium gas was introduced in the container 2 from the gas 
installation tubing 9 by flow rate 990sccm by flow rate 10sccm, respectively, and oxygen gas was made 
into the atmospheric pressure of 762Torr. Then, the electrical potential difference of 15kHz and 3.9kV 
was impressed to the electrode, it was left for 20 seconds, and the hydrophilic layer was formed in the 
base material front face. In addition, luminescence of the discharge plasma was observed with electrical- 
potential-difference impression. The obtained plasma treatment article was washed with water. 
[0038] (Example 3) 

The polyethylene terephthalate film ("lumiler T50", 70 contact angles) base material of <1st process> 
100mm**x50-micrometer thickness. was dried at ejection and a room temperature, after being immersed 
in the acrylamide water solution 25% of the weight. [ by Toray Industries, Inc. ] 

In the equipment (metal-electrode 80mmphi) shown in <2nd process> drawing 1 , the distance of the up 
electrode 4 and the lower electrode 5 which face was set as 5mm, and on 2mm in thickness, and the 
lower electrode 5 equipped with ************ of 120mm**, the base material 7 processed at the 1st 
process has been arranged, and it exhausted with the oil sealed rotary pump to 1Torr. Subsequently, 
oxygen gas of flow rate 7sccm and CF4 of flow rate 3sccm From the gas installation tubing 8, helium gas 
was introduced in the container 2 from the gas installation tubing 9 by flow rate 990sccm, respectively, 
and gas was made into the atmospheric pressure of 762Torr. Then, the electrical potential difference of 
15kHz and 4.5kV was impressed to the electrode, it was left for 20 seconds, and the hydrophilic layer 
was formed in the base material front face. In addition, luminescence of the discharge plasma was 
observed with electrical-potential-difference impression. The obtained plasma treatment article was 
washed with water. 
[0039] (Example 4) 

It sprinkled so that a screen might be used for the fine particles of acrylamide and a plate front face 
might be covered on the polycarbonate plate ("Lexan" by Asahi Glass Co., Ltd., 67 contact angles) of 
<1st process> 100mm**x3mm thickness. 

In the equipment (metal-electrode 80mmphi) shown in <2nd process> drawing 1 , the distance of the up 



electrode 4 and the lower electrode 5 which face is set as 7mm, and it is Ti02 of 2mm in thickness, and 
120mmphi. On the lower electrode 5 equipped with a sintered compact, the base material 7 processed at 
the 1st process has been arranged, and it exhausted with the oil sealed rotary pump to 1Torr. 
Subsequently, the gas installation tubing 8 to helium gas was introduced in the container 2 from the gas 
installation tubing 9 by flow rate 990sccm by flow rate 10sccm, respectively, and nitrogen gas was made 
into the atmospheric pressure of 762Torr. Then, the electrical potential difference of 15kHz and 3.3kV 
was impressed to the electrode, it was left for 20 seconds, and the hydrophilic layer was formed in the 
base material front face. In addition, luminescence of the discharge plasma was observed with electrical- 
potential-difference impression. The obtained plasma treatment article was washed with water. 
[0040] (Example 1 of a comparison) The electrical potential difference of 30kV was impressed to the 
polyethylene film ("II— F" by the **** package company, 91 contact angles) with the same corona 
discharge processor as an example 1, and corona discharge treatment was performed for 15 seconds. 
[0041] The contact angle was measured per [ which was obtained in the base material, the example, and 
the example of a comparison which were used in the above-mentioned example and the example of a 
comparison ] processing article, and the measurement result was shown in a table 1. 2mm waterdrop 
was dropped at measurement of a contact angle at intervals of 1cm, "the contact angle measuring 
device (trade name: CA-D)" by the consonance interface science company was used for it, and the 
static contact angle was measured. In addition, measurement of a static contact angle was measured 
after neglect for seven days, respectively just behind formation of a hydrophilic layer, and in 60-degree- 
C oven. 



[0042] 
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[0043] 

[Effect of the Invention] The configuration of the surface-preparation approach of the base material of 
this invention is as above-mentioned, and since hydrophilic ability is given by forming the hydrophilic 
layer which was excellent on the plastics base material front face with simple equipment, the hydrophilic 
property can maintain it over a long period of time, and it is used suitable for formation of antifog layers, 
such as pretreatment on the printing disposition of a plastic-molding object, formation of the support 
layer for adhesive improvement, glasses, and a mirror, etc. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram showing the equipment used at the 2nd process of the surface 
treatment approach of this invention. 
[Description of Notations] 

1 Power Source 

2 Heat-Resisting-Glass Container 

3 Surface Treatment Section 

4 Up Electrode 

5 Lower Electrode 

6 Solid Dielectric 

7 Base Material 

8 Nine Gas installation tubing 

10 Exhaust Port 

1 1 Exhaust Port 
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fc©x&n«#ic$flisg«:fr<> 2m«g^3« 

;U%*SB^t^*14S«:^rtlt-&tJ*feO'b©*i»S 

[0 0 0 9] ±l2S*tt*iLXtt. 
X)\s*>m (.m l®, 2|R. 3iK75ySX«7 
SHS. 4j»7> ; =EXr7Aiga, (&) 

[0010] coi^^/v-tum #i;L«, 

(**) 7^U;wm> U^) 7^'J)l/75H, (* 
*) 7^U)UK*U^A, (* 

*) 7^'j;w^^5 i ;k (**) 7*u;h*x^;v, 
(**) 7^upnh»j;k mwtv-)v. x^u>. * 

S J 7^U)UKx7.T-)k 2-hh'P*yX?JV 

*99VU—b<. 2-hh , D*v'^fJMi'^'JW-H 

^a<s£tfen, jme^jfix^snxfe-a^i^ 

[0 0 11] ISo^y'v-Cff'.T, #ir^tS»i^-&i: 
JSlrJ;0j¥V^*@*^^SnSfei6»*bVi. Sit. 

[0 0 12] ±I2 ; £/-7-te, ^©S^ffl^XfeJcVi 



( 3 ) 

3 

g#£B*t;gb<Jf|<a££tt<5*g<&te. **fflv»*©*t 
[0013] ±f2 ; eyv-^Stflc#*$ii--5^tei:b 

[0 0 14] *%BJ©^2©XST«. SlOIgTt 

«f^Rr««*#^Xt©S#^ (a) 
^XUCSSt*^6.3ft*55f^t©S^X (b) ©» 

vurr«. ji©js«, tyv-tssixB/s^* 20 
sal, as«*BfTr*-&a**i:fcicj:t)»fi!E«n*. 

[0 0 15] *»*OjB2 0l8T»a, fflaffltfXtb 
T, £©«•&#* (a) X 

X (b) *«J||V»&ftS. 
[0 0 16] ±fE*fiH4#X<hLT«. 
a, 7;wrf>, ^r-fey >^©4&^X^^7. 

2f;*tt«fcJfc**©iWW«fi<. »a«^OJBiBK« 30 

Is V>. ±E7fStt^&LT». A.ijr>A 
^©*>©&fflV>**|-&tt, 2#«X£lT©7-fe 

^^^-;p*©*«*«[»^, x*>«©MMb 

*«3!fXftfi*bT«ffl-r*©*«»*bV». 
[0 0 17] ±lEB***#:tf;*£bTtt, KSS, *'/ 

X -HMa**. xgSf{fc&&, -Bfc{b£s!i. 

[0 0 1 8] ±|EBft**#^Ctt, 5 o %wt©^« 

[0 0 19] ±IB7yJR**^tbT»4, G3 
yvHtfim (CF ( ), *7yftjftX (C, F,), A7y 
ft^ut!l/> (C, F,)«©7yflslJMb*»^ :-H<[ 
»t=7y«I^ (CC 1 F,)3|©/\ny>{b£tfb 
*3S*#X ; *7y1titttt (S F,)^©7 yfltfk)t<fc*tt 

^©T?*f*UV>. 50 



4*H*P8- 1 8 8 6 5 8 
4 

[0 0 2 0] ±fi£*£**j&»&fc*#*4:LTtt. N 
H, #7.^©fl&, N, ^7X«NH, ^f7.i:*:^i:©ig 

**:©»•&■#**««?-*»■§■«, ^©i&j&tts&asn 
**#©«»«>«iB© 7 y x v«s*fr i:±o Tjgs& 

^$n^A*, +#fc«*tt**§Sfc»fctt. N/ (N + 

H) ©**»i/4«±T**c:fc*»»*b<, 

b<«l/2~l©^H-CJ&^>. fiU ^'t, ft3R& 

?©**-e*n?*iarr. 

[0 0 2 1] ±ffiS-&^ (a) Xtt (b) C*V>T. 

ttJNr«*^fxx«. &S£*Sfr&ftstf;*©iRAia. 

K < fc* fc«E£0ttl bT Xvat$g£ bSt < 

fcS©-?, 10*lXWff$K, «fcO#£b<te 
0. l~5#«%T&-5. 

[0 0 2 2] ±IEB£#;*©*:«fflfi4*©ffiafctt. 1 
00~800Torr ©ffi^T?* 0 . UKRtCttffi^PS 
MIT, ^5*t7 , 5X7ftil:«iah4*fcWll 
ffilC^S, 7 00~78 0TorrAW*l/K 
S#*H K:lMt:7 7 £ »«3 ttTSttrtJT* Rfc 

[0 0 2 3] ±I&W7*5Xv»afcjrr*WIBtt. EP 

[0024] -hiaifcmx^xv^iatc.to, 

w t 7 h z. t \z j; o TS®5aae *hww 
s. ^©^Bffiajsttan^-fflaefcifc^T^s^jp 

/Rrx««**«f«t**»*i«an*c. tick om^m 
[0025] ±EiW7'9Xv«atr.-»««iBfc*s 

[0 0 2 6] *&H©&H*ia?ft&£. .Hl&&#Jgb& 

«**u i©gs«, «mbi. *&a#«g2, ±«5« 

kHz^©^iSifc©ttJE&^ftinli6T?ab»3, W^tt©® 

[0 0 2 7] ±flE**7*7Xv©»ttt, «BE€:«SIC 

H^fTf «>^®j€:^-r©T?, 1 ~ 4 0 k V/ c mfigA* 
±C»*7*5Xv»cJ:**Biag« (fettX 
7Xv%^a5) 3 tt, flAt«U4. 5©W©^^T 



( 4 ) 

5 

[0028] ±ia5aa§§§2«. iM7xaot>o*< 

VX. TiPS-^A, 7JUSx7A#?©&J||§!lT& 
^TfeiH. £©$&a£8§2F*jl;:W:, *SM-r5-*f©¥ 

xh^\ ±.mmm4RzrFwm.m5<DttK£VT\*. io 

[0 0 2 9] ±12Tg|5*& 5 <D±&mm 4 
tlTV^S. tt&©^TfcB#&«#6T?gfc>nT^fc 

^£^&7-£&«a*jg;i5©T?fif* 
b<ftl>. ±IB@#aif«#:6te, 01(r^-rJ:5 

[0 0 3 0] ±E@^l#6tbTlt #'Jfh77 20 
Moifk> (PTFE) , ^UX^-^^t-P^^^ 
-h (PET) m<D77X^y?m ; S i O, , A 1, 
O,, ZrO, , TiO, ^CD^M^b^^^ne. 

#© Vifti-e* o t t> «k \f\ 

[0 0 3 1] ±fS0#fjf«#6©»*tt, SKft5<h« 

ffi guott K*B»«fc«a*e c o t 7 - # tscmimz. bs < 

ftD, J¥<ft5.fc;!&€y?X^£3££$i±5©l;:i8S«JE 
Sg-TS©"?, 0. 0 5~4mmAWibV^. 

[0 0 3 2] ±SC«ffi 4 £T«B«@ 5 ©ffl©^8tte. B 30 
&mW.# 6 ©J?#-\ &&7©JP#-, BJj0*JEO7C#$, 

ffl©#X*<^<ft^T#ltgi$5«j£:ftr), S< 

*bv>. 

[0 0 3 3] _h|2S^7«, H1T?«H^SI««:6±IC 
EfSnTH*OT, -?-©#-B (0T?tt±B) ©*#X 

m 5 OffiOitiM&mm 3 IC^itfcttffi-C&ftX^X^ 40 
[0 0 3 4] ifg&m^XvMSBfKtt, ®3t-§-W# 

^ft^ngE&aSBsicgy&sns. ±m 

titm X 7 X T £ »M 3 * 5 C t *< T * -5 © T » £ b V » 
At, *B«a*3fcS*;itf*fcif#b&*«SflH&bfc 
0, iS^#X£fcin?g#7 CWo(t4«, J^-WA 50 



4$M¥8- 1 8 8 6 5 8 
6 

[0 0 3 5] ±Efi^^H, ?^7a-a>hD-7 
2 1*3 7 y SHf *^!f A&tf^fStt j!f A £ * Af -5 \Z 
[0 0 3 6] 

<f«fi0tj 1 ). 

<SlOIg>l 0 OmmDx 5 0 umffOjR'U x^U 

(«n«iSEttat rn-Fj , &M:fc9 is) S 

THFSS-103J ) TT3 OkV©«£E*BUol,Tl 5»|B]:3 

DtMii/&«, £©±k i omm.%<D7# vjv7 

<m 2 ©IS>0 1 \Zm bfcgS (&mnm 8 0 mm 

*) icfcv^x, m*t?z±wnM4 tymmms t<om 

SI* 5mmfcl9:Sb. JP£ 1mm. 1 2 0mmD©JpU 

l©xaTMa$nfcSW7*iH«b, lTorr^T 
fE60^>XTP^bfc. tt*^fX&8KSl 0 

sccmt^#Af8*>^ He^X^il9 9 0 s 
c cmT^fX^Al?9^e.^ig2rt{C^-n-€ : n^Ab. 
7 6 2Torr®^gEilfc. -tot, 15kHz, 
3. 9 kV©SBE&«ffi»r^Jnb2 O^ra^Mb, £tt 

[0037] mmw2) 

<mi<oi:m>nmmi twimfi^u-rmmmm^vy. 
ft. 

<m 2 oii>0 1 csbfcgf (.&mmm 8 o mm 

<f>) »C*5V^T, ffi«-r«.±gi5«@4 i:TSB«S5 i©K 
SB*5mmfcK3tU JPS lmm, 1 2 OmmD^'J 
T"h77;i/^-OX9 1 ^>=£^bfeTeBliS5±IC, JR 
l©XgTf5n.a$nfeS^7*iH^b, lTorrSt 

ttnrtB*>7*T#ftbfc. ^v^-e, SJ^^XSeiEftlO 

sccmT^SAf8i6^. H e #X£8IES9 9 0 s 
c cmT^X»A« : 975^e.§gg2rtlr-€-n-^n^Ab, 
7 6 2Torr©^E«!:lfe. fOt, 15kHz, 
3. 9 kVO«flE£*«fcWttb2 08>Mtt«U S# 
£H »"«*]!£ JgJfcbfc. ft*. «JEH]fin»r#^x^« 

[0 0 3 8] mMM3) 
<SlOIg>l 0 0mmOx5 0 umJPO^'J x^U 



7 

OJ . im&7 0g.) 2 5 MS* 7* U ^7 5 

<m 2 Olg>0 l \z*k bfc£© (&!%mm 8 0 mm 

<f>) c&wr. mtt-?z>±wnm4£T&mms torn 

gft£ 5mml:ig8:^b, J¥£ 2mm, 12 0mmD©5^ 
#7*££g«U*:Tgi5S@5±tC. fg 1 ©IST^S 
SWt&ttl Zmmb. lTo r r$T?fi mis 
$§tb*:. &V>T?> S5ft7 s c cmC5^^7.i:SfEa3 
sccmOCF, ^^AgA'SS^, He#*£ 
S5S9 9 0 s c cmT^IAf 9^£^S§2 rtlC^-n 
fniAtt, 7 6 2To r r CD^ffit b&. 

15kHz, 4. 5 k VCOttJE€r«@»rffIJniL 2 0 

[0 0 3 9] 4 ) 

<&1©IS>1 0 OmmDX 3mm#©#y 
-MR (JfiWFtfcR rp*it>j , &«A6 7» ± 

<Sg2©Ig>!31 IC^bfcSB (^Ilil8 0mm 
<J>) K*5l>T, =fi*fr-5±a5«ffi4iTgl5«@5 t©B 
Sf<£7mmlria:^b, J¥£ 2mm, 12 0mm4>©Ti 
O, »»#Se»bfcT»«ai5±K. fgl©If§T$!! 



(5) 4*M¥8 - 1 8 8 6 5 8 

8 

SSnfcg#7£iB®U lTo r rST?ttls]e^>y 
^V^-e, JK*35f^*SE«l 0 s c cmTtf 
XfAf 8^5, He#7.£2fft§9 9 0 s c cmt?^ 
WA*9*&*»2rtfc-*ft-€ f tt*AU 7 6 2Tor 
r OizHUEtlsit. *V>'&. 15kHz. 3. 3kVO 
«JE£€SfcEPiDb2 OWMb. SttSlBKlgizfcJI 

io [0 0 4 0] (ttttm) *wmtra«fc3n:«ft* 

FJ . ^»A9 lft) 1:3 0 kV©«JBE£fMTObT 1 5 

[0041] ±tinMMx.zfitt%m~e&M2nitmtR 
r^tt«R^tt««i?» s tifc»aa icotstt«ft say 

tt, 2mm©*^£l cmfflBre$TFb, ttftJMB$M£ 

ttss r&ttasasgsig : ca-d) j 
20 8*jB®»j£a%&tf 6 o nc*-^>4»r 7 a raifeem 

[0 0 4 2] 
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[0 0 4 3] 

[■nfeMWftlM!] 
m 1 ] *%^©«®^a^fficDm 2 oigt?«fflsn 1 0 
*&»ftjs-r«HBn?**. 1 1 



[»#©R9l] 
1 mas 
2 
3 
4 
5 

6 
7 

8, 



SB$tt3ffl5 
9 %7MXm 



( 6 ) 



*#P¥8 - 1 8 8 6 5 8 



[01] 




